Surface geology for land use planning, Minot, North Dakota area by Anderson, Garth S.
University of North Dakota
UND Scholarly Commons
Theses and Dissertations Theses, Dissertations, and Senior Projects
1980
Surface geology for land use planning, Minot,
North Dakota area
Garth S. Anderson
University of North Dakota
Follow this and additional works at: https://commons.und.edu/theses
Part of the Geology Commons
This Thesis is brought to you for free and open access by the Theses, Dissertations, and Senior Projects at UND Scholarly Commons. It has been
accepted for inclusion in Theses and Dissertations by an authorized administrator of UND Scholarly Commons. For more information, please contact
zeineb.yousif@library.und.edu.
Recommended Citation
Anderson, Garth S., "Surface geology for land use planning, Minot, North Dakota area" (1980). Theses and Dissertations. 4.
https://commons.und.edu/theses/4
SURFACE GEOLOCY FOR L.,6.ND USE PLAJ1NI:'lG, 
MINOT, clORTII DAKOTA AP-EA 
by 
Gart~ S. Anderson 
Bachelor of Science, University of Illinois, 1976 
A Thesis 
Submitted t:o the Gr,,duate Faculty 
of the 
University of North Dakota 
in p.artLal fulfi~"'r-,ent of the requirements 
for the degree of 
Master of Science 
Grand Forks, North Dakota 
May 
l.980 
This thesis submitted by Garth S. Anderson in partial fulfill-
ment of the requirements for t:he Degree of Master of Science from the 
University of North Dakota is hereby approved by the Faculty Advisory 
Committee under whom the work has been done. 
' f' 
' 
This thesis meets the standards for appearance and conforms to 
the style and format requirements of the Graduat~ School of the Univer-
sity of North Dakota, and, is hereby approved. 
Dean of the Graduate School 
ii 
SURFACE GEOLOGY FOR LAND USE PLANNING, 
Title_JUllOT, NORTH DAKOTA AREA 
Degree Master of Science 
In presenting this thesis in partial fulfillment of the 
requirements for a graduate degree from the Cniversity of 
North Dakota, I agree that the Library of this University 
shall make it freely available for inspection. I further 
agree that permission for extensJve copying for scholarly 
purposes may be granted by the professor who supervised my 
thesis work or, in his absence, by the Chairman of the 
Department or the Dean of the ~;raduate School. It is 
understood that any copying or publication or other use 
of this thesis or part thereof for financial gain shall 
not be allowed without my written permission. It is also 
understood that due recognition shall ~e given to me and 
to the University of North Dakota in any scholarly use 












TABLE OF CONTENTS 













APPENDIX A. GRAIN SIZE ANALYSES: PROCEDURES AND RESULTS 58 
APPENDIX B. 
REFERENCES 








1. Map of North Dakota showing Location of Minot , 
2, Map Showing Location of Study Area Around Minot 
3. United States Department of Agriculture Soil Textural 
Classification ••.••.•.. 
4. Unified Soil Classification System 
5. Geologic Cross Section of Souris Meltwater Channel 
at Burlington, North Dakota ••••••••••• 
6. Plane-bedded and Cross-bedded Sand and Plane-Bedded 
Gravel of Unit 2 of the Coleharbor Group; in the 
West Wall of Gravel Pit at the Mouth of Livingston 
Creek (NE ~ SE ~ NW l,1 Section 20, T 155 N, R 82 W) 
7. Lithologic Cross Sections East of Minot • 
8. Cobbles and Boulders of Unit 3 of the Coleharbor 
Group; in a Foundation Pit in a Subdivision East 
of Minot (S~ ~SE~ Section 20, T 155 N, R 82 W) 
9. A Glacially Striated Boulder at the Base of Till of 
the Coleharbor Group; North Side of Gassman Coulee 





Faulted Bedding in an Ice Contact Deposit of Unit 2 
of the Coleharbor Group; in a Vertical Exposure 
Northwest of Minot (NW l:i SW l, Section 5, T 156 :,, 
R 83 W) • , , • • • • • , , • 
Relation Between Souris River Discharge and Water 
Level in the Minot Aquifer .• , • 
Water Levels Recorded in a Test Well Penetrating 
the Sundre Aquifer. (Data from Minot, N.D. City 
Planner) ~ . ,,. . . . . . . . ~ . . .. . . . 
Oblique Aerial Photograph of a Completed Sanitary 
Landfill Within a Coulee Tributary to the Souris 
Meltwater Channel Southwest of Minot (SW \j Section 
28, T 155 N, R 83 W) •• , • , ...•• 
V 














14. Channel Improvements Made on the Souris River Channel 
in Minot • . . • , . . . • . • . • • • • 




1. Descriptive Geologic !lap of the Hinot, North Dakota 
Area . • . • • • • . • • • • (in pocket) 
2. Interpretive Geologic Map of the Minot, North Dakota 
Area • . . . . . ., .. . . ' . (in pocket) 
3. Pleistocene Aquifers in the Minot, North Dakota 
Area • . • • . . • • • . • .••.•. (in pocket) 
4. Surface Sand and Gravel Resources in the Minot, 
North Dakota Area • • • • • . ..•.•. (in pocket) 
5. Suitability for Sanitary Landfills in the Minot, 
North Dakota Area •••. , •• (in pocket) 
6. Suitability for Sewage Lagoons in the Minot, North 
Dakota Area •.••••••• , .• , • • • . • (in pocket) 
7, Suitability for Septic Systems in the Minot, North 
Dakota Area . • • . • . . . • • • • , • (in pocket) 
8. Suitability for General Construction in the Minot, 
North Dakota Area • . • • • • • • • . (in pocket) 












LIST OF TABLES 
Table 
1. Cenozoic Stratigraphic Column of the Minot Area ..• 
2. General Physical Characteristics of Surface Sediments 
in the Hinot Area • • • • • 
3. Temperature and Corresponding Settling Time Required 
to Determine the Amount of Clay in Suspension Using 






I would like to thank my thesis advisor, Dr. John Rei<l for his 
encouragement and guidance throughout the project, His discussions 
and critical review of the manuscript were especially helpful. I 
would also like to thank the other members of my committee, Drs. Lee 
Clayton and Gerald Groenewold for reading the manuscript and offering 
helpful suggestions. 
Gratitude is expressed to Drs. Clark Markell and Eric Clausen 
of the Science and Math Division, Minot State College for their sugges-
tions and generous efforts in providing office space during the summer 
field season. 
Special thanks are extended to Dr. Alan Kehew of the North 
Dakota Geological Survey. His cooperation and discussions of the 
project were especially helpful. 
Very special thanks are extended to my good friend and fellow 
student, Dan Young, for his help with photography related to the 
project as well as his moral support and companionship throughout 
my stay at the University of North Dakota. 
The financial support provided for the project by the North 
Dakota Geological Survey is gratefully acknowledged. 
viii 
ABSTRACT 
The Minot area includes about 330 square kilometres along both 
sides of the Souris River in north-central ~orth Dakota. The area can 
be divided into the flat Souris River floodplain, the steeply sloping 
sides of the Souris and Des Lacs meltwater channels and larger tribu-
taries, and the gently undulating uplands dissected by small streams. 
Surficial geologic units include Early Tertiary sand, silt, clay, and 
sandstone of the Bullion Creek Formation, Pleistocene glacial till, ice 
contact fluvial deposits, and other fluvial deposits of the Coleharbor 
Group, and Holocene fluvial and eolian deposits of the Oahe Formation. 
Expansion of the Minot metropolitan area has resulted in con-
flict between urban development and plarined resource management. 
Detailed maps (Scale 1:24 000) describe and interpret geology as it 
relates to natural resources, water supplies, waste disposal sites, 
construction capabilities, and flooding. 
Moderate amounts of high-quality sand and gravel adjacent to 
and within the Souris meltwater channel constitute the major mineral 
resource in the area, These are largely glacial meltwater deposits. 
Proper land use planning should restrict development on such deposits 
until maximum use is made of this resource. 
Minot depends heavily on groundwater for municipal supply. 
Water is presently available from the Souris River and from ground-




The city of Minot is the fourth largest population center in 
~orth Dakota~ As such it serves as an important center for transporta-
tion, economic, and cultural facilities. The construction of Minot Air 
Force Base in the early 1950s led to expansion in Minot that has contin-
ued to the present. Data from the United States Bureau of Census indi-
cate that Hinot's population increased from 30,600 in 1970 to 34,300 in 
1977, and projections indicate that the population of Minot will increase 
to 41,000 by the year 2000 (verbal collllllunication, Dawn Hedberg, Minot 
City Planner). 
Expansion of the Minot metropolitan area has resulted in con-
flict between urban development and planned resource management. 
Increased population and building activity has resulted in greater 
demand for available natural resources and increased competition for 
available land. Careful, planning and regulation will be required to 
avoid costly or environmentally unwise land use alternatives. The 
proper disposal of wastes, the location of new housing developnents 
and industrial construction in areas other than over potential sand 
and gravel resources, and the avoidance of floodplain development 
each demands geologic information for proper planning. 
The purpose of this study is to provide geologic information 
necessary to aid municipal and regional authorities in such land use 
1 
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planning. The results of this study include a detailed lithologic map 
and a series of interpretive maps depicting suitabilities for various 
land usesa When using these maps, it is ireportant to understand that 
they are based strictly on geology; cost-benefit analyses and other 
economic considerations are beyond the scope of this report. 
Settii,g_ 
Minot, the seat of Ward County, is along the Souris River in 
north-central North Dakota about 80 kilometres (50 miles) south of the 
Canadian border (Figure 1). 
An area of about 330 square kilometres (132 square miles) sur-
rounding and including Minot was selected for evaluating the geologic 
aspects of future land use (Figure 2), The confluence of the Souris 
and Des Lacs Rivers is included, about 10 kilometres (6 miles) north-
west of Minot; the Souris River flows through the area from northwest 
to southeast. 
The two major physiographic features in the area are the Souris 
meltwater channel and the adjacent uplands. The channel is a flat-
bottomed, steep-sided trench containing the underfit Souris River and 
its floodplain. !he floodplain averages slightly over 1,5 kilometres 
(1 mile) wide and is separated from the uplands by steeply sloping ero-
sional bluffs that vary between 25 and 40 metres (70 and 130 feet) high, 
The upland area is a nearly flat or gently undulating surface dissected 
by small tributaries of the Souris River, including Livingston Creek, 
Gassman and South Branch Coulees, and First and Second Larson Coulees. 
The land surface slopes gently to the northeast; upland elevations in 
3 
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the area decrease from about 580 metres (1900 feet) above sea level in 
the southwest to about 490 metres (1610 feet) in the northeast. 
Previous Work 
The first publication describing the geology of the Minot area 
was by Andrews (1939); the first known ge~logic map of the Minot area 
and a brief generalized discussion of geologic features were included 
in this report. The primary result of Andrews' study was the descrip-
tion and evaluation of the coal resources of the Minot area. A more 
complete geologic investigation of the Minot area was conducted by Lemke 
in the late 1940s and published in 1960. Included in Lemke's report are 
a geologic map (scale 1:96 000) and a lengthy discussion of the geology 
of the entire Souris River area. 
In addition, several reports have been published in the ground-
water in the Minot area. Simpson (1929) included a brief discussion of 
groundwater in the area in his report on the groundwater resources of 
the entire state. Akin (1947) discussed the quantity and quality of 
groundwater available from the Minot aquifer, with special reference 
to munici;:,al water. supply. Bradley (1963) summarized groundwater con-
ditions and the relationship between surface water and groundwater at 
Minot. Several reports by Pettyjohn have included an evaluation of 
the geohydrology of aquifers in the Minot area. Subjects discussed 
in these reports include the groundwater basic data and lithologic 
logs for wells and testholes in the Minot area (Pettyjohn and Hills 
1965), the groundwater basic data for all of Ward and Renville Counties 
(Pettyjohn 1968a), and the groundwater resources and characteristics of 
aquifers in Ward and Renville Counties (Pettyjohn and Hutchinson 1971). 
6 
The most complete and detailed account of the location and properties 
of groundwater aquifers in the Minot area, however, is by Pettyjohn 
(1967a), Pettyjohn (1968b) later described an artificial recharge sys-
tern constructed in 1965 in western Minot in an effort to reverse declin-
ing water levels in the Minot aquifer. 
Analysis of the water resources of the Souris River Basin is 
also included in a series of reports published as the Souris-Red-Rainy 
River Basins Comprehensive Study (1972), Included in this study are 
detailed evaluations of water supply, water quality, and flood damage 
reduction for the city of Minot~ 
Each of these reports provided valuable information used to 
evaluate the role of geology in land use planning for the Minot area. 
Methods -----
Field work was initiated in May of 1978 and completed in October, 
1978, Surficial geology was mapped at a scale of 1:24 000 using t:nited 
States Geological Survey (USGS) 7,5 minute topographic quadrangles as 
the base. Aerial photographs and detailed soil maps of the United States 
Department of Agriculture (1974) were used to aid in distinguishing sur-
face features. A geologic map by Lemke (1960), at a scale of 1:96 000, 
was helpful in locating some geologic features. Geologic contacts and 
lithologies were checked in the field by traveling all available roads 
and trails and examining most exposures, railroad cuts, stream cuts, 
gravel pits, and road cuts. When necessary. shallow hand auger holes 
were dug to check lithologies of surface sediments. Sixty-one samples 
of till were collected from suitable outcrops and from shallow (less 
than 3 metres) hand auger holes in an effort to determine till 
stratigraphy. 
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Happing of near-surface (less than 1/) metres depth) sediment was 
accomplished by compiling subsurface lithologic data available from bore-
hole and test well records obtained from the North Dakota State Highway 
Department, United States Geological Survey, North Dakota Geological 
Survey, North Dakota State Water Commission, and Soil Exploration, Inc. 
An additional 15 boreholes were drilled using the NDGS truck-mounted 
continuous flight power auger. Thirty-six till samples were recovered 
from borehole cuttings and collected from laboratory texture analysis. 
Lithologic logs of these boreholes were used to construct three cross 
sections showing subsurface stratigraphy immediately east of Minot. 
Laboratory analysis was performed to determine the percentage 
of sand, silt, and clay in the till samples. The procedure used has 
been adopted as the NDGS standard textural analysis; an outline of the 
procedure, adapted from Perkins (1977), is given in appendix A. 
Terminology 
This report is written for use by non-geologists who may not be 
familiar with geologic and engineering terminology. Definitions of some 
terms are provided to avoid confusion and to clarify term usage. 
Aquifer. A subsurface body, usually of sand and gravel in the 
Minot area, from which groundwater can be obtained readily. 
Atterberg Limits. A system used to evaluate the engineering 
properties of fine-grained sediment (silt and clay) based on the change 
in consistency of a sediment-water mixture. 
Bearing Capacity. The maximum load that a sediment can support 
without being overstressed. 






Esker. Sinuous ridge of sand and gravel deposited by rivers in 
contact with glacial ice, usually in or beneath the glacier. 
Liquid Limit. The water content of a sediment mixture at which 
the mixture changes from the plastic to the liquid state, 
Lithology. The physical character of a rock or sediment; a lithol-
ogic description includes the grain-size characteristics of a sediment. 
Loess. A homogeneous, non-stratified, uncemented deposit of wind-
deposited silt and very fine sand. 
Pebbly Clay-Loam. A grain-size term of the United States Depart-
ment of Agriculture soil textural classification (Figure 3); a sediment 
composed of approximately equal parts of sand, silt, and clay. The modi-
fier "pebbly" is applied because of the significant proportion of pebbles 
in this sediment around Minot. A grain-size description for some till, 
Permeability, The capacity of a rock or sediment to transmit a 
fluid; expressed as a velocity (metres per second). In this report, 
permeabilities of less than l x 10-S metres per second are described as 
"slow," those between 1 x 10-5 m/s and 5 x 10-4 m/s are described as 
0
moderate," and those. over 5 x 10-4 m/s are described as "rapid~ 11 
Plasticity Index. The numerical difference between the liquid 
limit and the plastic limit. 
Plastic Limit. The water content of a sediment mixture at which 
the mixture changes from the sellli-solid to the plastic state. 
~~Bar. A deposit of river sediment on the inside bend of a 
river channel. 
Recharge. Addition of water to the groundwater system, usually 
from the surface. 
Fig. J. 
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Slough. A poorly drained depression containing standing water 
much of the year. 
Till. In this report the word "till" is used in a purely genetic 
sense to refer to a sediment that has been transported and deposited by 
glaciers and has not been sorted subsequently by wind or water, 
ynified Soil Classification System. An engineering soil classi-
fication system based on grain size, shear strength, volume change char-
acteristics, and permeability (Figure 4). 
The following terms refer to divisions of geologic time which are 
pertinent to the discussion in this report (see table 1). 
Tertiary. The older of the two periods making up the Cenozoic 
Era, Rocks of Tertiary age were deposited between approximately 70 mil-
lion years ago and 2 million years ago. 
g_ti_aternary. The younger of the two periods making up the Ceno-
zoic Era. The Quaternary spans from approximately 2 million years ago 
to the present. 
Paleocene. The oldest subdivision (epoch) of the Tertiary. The 
Paleocene began approximately 70 million years ago and ended approxi-
mately 60 million years ago, 
Pleistocene. The older of the two epochs of the Quaternary 
Period. The Pleistocene, commonly called the "Ice Age" because it was a 
time of widespread glaciation in the Northern Hemisphere, began approxi-
mately 2 million years ago and ended approximately 10 thousand years ago. 
Holocene. The younger of the two epochs of the Quaternary Period, 
The Holocene began in North Dakota approximately 10 thousand years ago 
after the disappearance of the last glacier ice; it continues through 
the present. 
11 
Fig. 4. Unified Soil Classification System. (D with numerical 
subscript denotes "effective size" of grain size distribution for a par-
ticular sample, For example, D6Q means that 60 per cent of the sample 
is finer than this size). (From McCarthy 1977,) 
12 
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CENOZOIC STRATIGRAPHIC COLUMN OF T!IE MINOT Af!EA 
Period Epoch Unit Name Dominant Lithology 
Variably bedded sand, silt, and 
Holocene Oahe clay 
Formation with 
Small amounts of nonbedded silt 
Poorly sorted, indistinctly 
Unit 3 bedded very coarse pebbles ,,, and small cobbles with ... variable amounts of sand "' C:... 
" .u 
"' Coleharbor Variably sorted, plane-" O' Pleistocene - Unit 2 bedded and cross-bedded 
sand and plane-bedded 
Group ! gravel 
' 
Slightly pebbly mixture 
Unit 1 of sand, silt 7 and clay 
in approximately equal 
proportions 
Bullion Poorly indurated interbedded sand, 
Fort Creek silt, clay, and sandstone contain-,,, ... ' Formation ing lignite beds l to 2 metres 
"' .... thick .u ... 
~ Paleocene Union 
Cannonball Interbedded sand, silt, clay, and 
Group Formation sandstone 
DESCRIPTIVE GEOLOGY 
Bullion Creek J<'ormation 
The youngest pre-Pleistocene material in the Minot area is sand, 
silt, clay, sandstone, and lignite of the Paleocene Bullion Creek Forma-
tion. The Bullion Creek Formation was named by Clayton and others (1977). 
Before 1977 this unit was considered part of the Tongue River Formation 
in most NDGS publications. In this area the Bullion Creek Formation 
consists of grayish-white to tannish-yellow poorly indurated interbedded 
sand, silt, clay, and sandstone containing lignite beds 1 to 2 metres 
(3,5 to 7 feet) thick. The Bullion Creek Formation is exposed primarily 
along the sides of the Souris meltwater channel and along Gassman and 
South Branch Coulees (Plate 1). Exposures range from less than a metre 
to a maximum of 6 metres (20 feet) high, The top of the Bullion Creek 
Formation slopes toward the northeast from about 550 metres (1785 feet) 
above sea level in the southwest part of the area to about 450 metres 
(1465 feet) in the northeast (Lemke 1953). Older geologic units are 
discussed by Lemke (1960) but not included in this study because they 
do not significantly affect land use planning. 
Coleharbor Group 
General 
The Coleharbor Formation was first defined by Bluemle (1971) to 
include all glacial sediment exposed in bluffs near Coleharbor, North 
14 
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Dakota. Further studies (Harris and others 1974; Horan and others 1976) 
indicated that there are several till units in eastern North Dakota that 
are lithologically different from but stratigraphically equiva'Ient to 
the type Coleharbor Formation. To simplify stratigraphic nomenclature, 
the Coleharbor Formation was elevated to the rank of group (Clayton and 
others, In Press). 
In the Minot area the Bullion Creek Formation is overlain by a 
variety of Pleistocene sediments including glacier, river, and wind 
deposits of the Coleharbor Group. Glacier sediment consists of pebbly 
clay-loam. Pleistocene river sediment, on the other hand, is pri~arily 
variably sorted and stratified sand and gravel. Pebbly clay-loam is 
the dominant surface sediment in the upland areas; but, scattered 
deposits of windblown silt and small hills and ridges of river sand 
and gravel are also present on the uplands. Surface and subsurface 
deposits of Pleistocene sand and gravel are present beneath and imme-
diately adjacent to the Souris meltwater channel. 
Map Units 
The modified Wentworth particle-size scale (Folk 1968) was used 
in describing the grain size of all map units except the pebbly clay-
loam. Because pebbly clay-loam is a mixture of grain sizes, the Went-
worth scale does not apply and so U.S. Department of Agriculture termi-
nology (pebbly clay-loam) was selected to describe this unit. Coleharbor 
map units in the Minot area (Plate 1) include pebbly clay-loam (Unit 1), 
gravelly sand (Unit 2), and sandy gravel (Unit 3). 
Unit 1. The pebbly clay-loam in the Minot area is typically 
unsorted and unstratified. Laboratory grain-size analyses of 73 
16 
samples from this unit (see appendix A) show a matrix with an average 
composition of 32.6 percent sand, J5.D percent silt, and 32.4 percent 
clay with a standard deviation of about 4.0. In addition to the matrix, 
the unit contains 5 to 10 percent angular to subround pebbles, cobbles, 
and boulders of igneous, metamorphic, and carbonate rock and lignite. 
The bulk of the thickness and volume of the Pleistocene sedi-
ment in the area is pebbly clay-loam, ranging in thickness from 0, at 
Bullion Creek Formation exposures along the Souris meltwater channel, 
to over JO metres (100 feet) in the upland areas. Pebbly clay-loam 
not only is the dominant surface sediment away from the Souris melt-
water channel, but studies by Pettyjohn and Hutchinson (1971) reveal 
that in some places it also underlies the river sediment within the 
Sour.is meltwater channel (Figure 5). 
Where exposed, the pebbly clay-loam is pale olive (approximately 
Munsell SY 6/3), oxidized, and gray (approximately Munsell SY 4.5/1), 
unoxidized. The pebbly clay-loam commonly has a blocky texture and 
has inclusions of silt and fine sand, especially south of the Souris 
River. These irregular and lens-shaped inclusions generally have well-
preserved bedding and range in length from a few centimetres to about 
0.5 metres (20 inches); Lemke (1960) reported one inclusion 8 metres 
(25 feet) long and 2 metres (7 feet) thick. 
cnit 2. A variety of Pleistocene sand and gravel deposits is 
present in the Minot area. Both surface and subsurface deposits are 
included in cnit 2 of the Coleharbor Group. These deposits have the 
same lithology but they differ in geometry and distribution. Unit 2 
is t)•pically plane-bedded and cross-bedded, variably sorted sand and 

















• D 0 Y4 Yt Sand and Gravel 
ll~SIM'IBE:i 
0 Y.. Yz ~ Till 
Vertical E,aggerotion X20 II Bullion Creek Formation 
Fig. 5. Geologic Croaa Section of Souris Meltwatar Channel 
at Burlington, North Dakota. (From Pettyjohn and Hutchinson 1971, 
Plate 2, Section D~D'). 
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Fig. 6. Plane-bedded and cross-bedded sand and plane-bedded 
gravel of Unit 2 of the Coleharbor Group; in the west wall of gravel 
pit a t the mouth of Livingston Creek (NE~ SE~ NW~ Section 20, 
T 155 N, R 82 W). Pick handle is 0.9 metres (3 feet) long. 
19 
Surface deposits of gravelly sand in the Minot area are of two 
general types. One is characterized by low (less than 3 metres [10 
feet]) irregularly s~aped small hills and ridges. These deposits are 
surficial features of restricted lateral extent, located mainly north-
west of Minot (Plate 1). 
The other type of gravelly sand deposit is typically larger, 
thicker, and more continuous than the first. These deposits occur 
near Livingston Creek and to the east and southeast of Minot. The 
deposits are as much as 8 metres (25 feet) thick. 
Subsurface deposits of sand and gravel are present east and 
southeast of Minot. Their continuity and thickness have been inferred 
from irregularly spaced test holes. Lithologic records of these test 
holes were used to construct three cross sections (Figure 7). Beneath 
the Souris River floodplain are large discontinuous subsurface bodies 
of sand and gravel of variable thickness (Pettyjohn and Hutchinson 
1971). These and similar sand and gravel bodies provide reservoirs 
for ,linot' s main groundwater supply. 
Unit 3. Located along the inside bends of meanders in the 
Souris meltwater channel are large point bars of sandy gravel. This 
sediment was differentiated from Unit 2 because of distinct grain-
size differences between the two map units. Unit 2 is predominantly 
sand and fine pebbles, whereas Unit 3 is predominantly very coarse 
pebbles and small cobbles with variable amounts of sand and fine 
pebbles (Figure 8). Large boulders up to 2 metres (7 feet) in diam-
eter are also common in Unit 3. The sediment in these deposits is 
poorly sorted and indistinctly bedded. The deposits are as much as 
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fig. 8. Cobbles and boulders of Vn!.t 3 of the Coleharbor Group; 
in a foundation pit in a subdivision east of Minot (SE \ SE~ Section 20, 
T 155 N, R 82 W). Pick handle is 0.9 metres (3 feet) long. 
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Souris meltwater channel; Additionally, low small mounds of sediment 
mapped as Unit 3 occur southeast of Minot (NE 1.J Section 28 and NW 1; 
Section 29, T 155 N, R 82 W). These mounds are a maximum of 1 metre 
(3.5 feet) high, 2 to 3 metres (7 to 10 feet) long, 1 to 2 metres (3.5 
to 7 feet) wide, and are commonly elliptical in shape. 
Oahe Formation 
The Oahe Formation was defined by Clayton and others (1976) to 
include the well-sorted silt above the Coleharbor Formation near River-
dale, North Dakota. It was redefined by Clayton and Moran (1979) to 
include material of all grain sizes above the Coleharbor Group. Thin, 
laterally restricted deposits of well-sorted silt of the Oahe Formation 
are present nearly everywhere on the upland areas in the Minot area. 
This sediment is continuous and thick enough to be mapped in only one 
area, immediately east of Livingston Creek (SW~ Section 17, T 155 N, 
R 82 W) (Plate 1). Here, a thin (0.5 metre, 20 inches) layer of non-
bedded, well-sorted silt overlies gravelly sand. The silt deposits are 
latest Pleistocene and early Holocene in age. 
Variably bedded sand, silt, and clay of the Oahe Formation is 
the surface sediment within the Souris meltwater channel and its larger 
tributaries. These Holocene deposits are a maximum of about 15 metres 
(50 feet) thick. 
Small accumulations of slopewash sand. silt, and clay are present 
at the base of the walls of the Souris rneltwater channel. Because the 
deposits are thin and restricted in distribution, slopewash sediment 
was not mapped. 
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Man-made Deposits 
Small areas of man-made fill are present in the Minot area. 
These deposits are of two general types, borrow sediment and sanitary 
landfill materials. Borrow sediment is largely pebbly clay-loam that 
has been dumped to raise the level of certain areas, such as the Magic 
City Industrial Park east of the city. The sanitary landfill deposits 
are alternating layers of municipal solid waste and borrow sediment 
within small coulees southwest of Minot (Plate 1). 
INTERPRETIVE GEOLOGY 
Paleocene 
The interbedded sand, silt, clay, sandstone, and lignite of the 
Bullion Creek Formation have been interpreted by Jacob (1976) to be 
alluvial-plain deposits. The Paleocene strata now exposed along the 
sides of the Souris meltwater channel were deposited approximately 60 
million years ago in and around river channels and swamps on a heavily 
vegetated coastal plain. 
Pleistocene 
Most of the pebbly clay-loam is till, sediment deposited directly 
by glacier ice or by flowing and slumping off the melting ice. The tex-
tural character of this sediment and the presence of striated boulders 
at the base of this unit (Figure 9) support the interpretation of a 
glacial origin. 
The Minot area has been glaciated many times, but evidence that 
>tould differentiate the till units in the Minot area is obscure. Several 
till units have been reported in southwestern Ward County, North Dakota 1 
by Pettyjohn (1967b) and near Donnybrook, North Dakota, by Lemke and 
Kaye {1958). Outcrops in two gravel pits near Minot (NW~ Section 28 
and NE~ NW~ Section 20, T 155 N, R 82 W) expose a bed of till 2 metres 
(7 feet) thick overlying Pleistocene river sediment, indicating more 
than one glacial advance over the region. Drill holes in the Minot 
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Fig. 9. A glacially striated boulder at the base of till of 
the Coleharbor Group; north side of Gassman Coulee (NW \ SE~ Sectton 
19, T 155 N, R 83 W). Penknife is 9 centimetres (3.5 inches) long. 
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region also reveal layers of till separated by a layer of sand and gravel 
(Figure 7), again indicating more than one glaciation. But, examination 
of till exposures and grain-size analyses of the 73 selected till samples 
have failed to provide evidence of obvious visible or textural variations 
in the surface till in the Minot area; therefore all surface till in the 
area is mapped as a single unit (Plate 2), The stratigraphy of the till 
in the Minot area is part of a study currently in progress by Alan Kehew 
of the North Dakota Geological Survey. 
Several varieties of Pleistocene river deposits are present in 
the Minot area. These deposits have been separated into three interpre-
tive map units based on grain size, distribution, and morphology. Inter-
pretive map units include ice-contact deposits, proglacial meltwater 
river deposits, and flood bar deposits (Plate 2). All of these are 
river deposits; their separation is largely morphologic. 
The thin, surficial sand and gravel deposits previously described 
as low, irregularly shaped small hills and ridges are interpreted as ice-
contact deposits. Some of the ridges are eskers, sinuous ridges of grav-
elly sand deposited by rivers in contact with glacial ice, An exposure 
in one of these deposits (NW I. SW !J Section S, T 156 N, R 83 W) reveals 
bedded sand and gravel with near-vertical en-echelon faults offsetting 
some of the bedding planes (Figure 10). Such faulting is characteristic 
of collapse features, and it is concluded that these deposits were formed 
by the collapse of bedded sand and gravel resulting from the melting of 
the glacial ice that contained or supported fluvial sand and gravel 
deposits. 
The larger. more continuous surface sand and gravel deposits in 






Fi g. 10. Faulted bedding in an i ce contact de?osit of Uni t 2 
of the Coleharbor Group; in a vertical exposure northwest of Minot 
(NW \ SW ~ Section 5, T 156 N, R 83 W). Pick head is approximately 
25 centimetres (10 i nches) long. 
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sediment was deposited by glacial meltwater and surface runoff draining 
through the meltwater channel now occupied by Livingston Creek. Sedi-
ment associated with the Livingston Creek meltwater channel is well 
exposed in gravel pits just east of Minot in the northern half of Sec-
tion 20, T 155 N, R 82 W. 
The meltwater channels now occupied by the Souris and Des Lacs 
Rivers were ero<led t!uring the Pleistocene epoch by huge volumes of water 
draining from melting glaciers and by surface runoff. It is probable 
that the meltwater channels were abandoned and reoccupied several 
times as glaciers advanced and retreated. Scattered small deposits of 
melt-:<1ater river sand and gravel occur east of Minot within a channel 
formed when meltwater breached the main Souris meltwater channel and 
spilled out towards the northeast (Plate 2). Subsurface sand and 
gravel deposits in the Minot area are interpreted to be buried rem-
nants of older glacial meltwater stream deposits. 
The poorly sorted and indistinctly bedded gravel and sand pre-
viously discussed as Unit 3 is interpreted to be point bar deposits of 
a late Pleistocene flood, Although previously interpreted by Lemke 
(1960) to be kame-terrace deposits, this sediment is now believed to 
have been deposited by a large flood resulting from the drainage of 
glacial Lake Regina in Saskatchewan through the Souris meltwater chan-
nel (Kehew 1979). The meltwater spillover channel east of Minot is 
also believed to be a product of this flood (Plate 2). 
The thin, nonbedded deposit of well-sorted silt immediately east 
of Livingston Creek is loess (Plate 2), winnowed out of the river sedi-
ment associated with the Livingston Creek meltwater channel. This loess 
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was deposited sometime during and after the latest deglaciation in the 
Minot area, probably during several episodes. 
Holocene 
The undifferentiated sand, silt, and clay within the Souris 
meltwater channel and its major tributaries is river sediment deposited 
by streamflow since the end of the Pleistocene. Modern and prehistoric 
flooding has spread this fine-grained overbank sediment on the flood-
plains. The slopewash sediment on the walls of the Souris meltwater 





Groundwater is present almost everywhere beneath the land sur-
face in the Minot area. Small amounts of groundwater are present in the 
till and also in Tertiary lignite and sandstone beds. Large amounts of 
groundwater are present in subsurface Pleistocene sand and gravel aqui-
fers beneath and near Minot. Water from Pleistocene sediments is gen-
erally good in quality, whereas water from Tertiary sediment is highly 
variable in quality. 
The position of the water table is an important factor in many 
land use decisions. As a practical matter the best t,ay to determine 
the position of the water table is the color of the sediment being 
drilled or excavated. The maximum position of the water table is 
located at the upper limit of the mottled transition zone between 
brown (oxidized) sediment and the underlying gray (unoxidized) sedi-
ment. Depth to the water table in the Minot area differs from place 
to place. The water table is near the surface beneath the Souris 
meltwater channel (3 to 5 metres, 10 to 15 feet) and deep in upland 
areas (6 to 10 metres, 20 to 30 feet). 
As the city of Minot has grown it has become more dependent on 
groundwater to fulfill municipal water needs. Minot has experienced 
water supply problems in the past. In the mid 1960s water levels in 




construct a system to recharge the Minot Aquifer artificially with 
Souris River water (Pettyjohn 1968b). This artificial recharge sys-
tem has since been dismantled. 
There are several Pleistocene sand and gravel aquifers in the 
Minot area, including the Minot Aquifer, the Sundre Aquifer, the North 
Hill Aquifer, the Northwest Buried Channel Aquifer, the South Hill 
Aquifer, and the Burlington Aquifer (Plate 3). Detailed lithologic 
descriptions and hydrologic data for these aquifers are provided by 
Pettyjohn (1967a)and Pettyjohn and Hutchinson (1971). 
The Minot Aquifer, within the Souris meltwater channel beneath 
and near l!inot (Plate 3), is the reservoir from which most of the 
groundwater used by the city is pumped. The Minot Aquifer contains 
sand and coarse gravel, about 8 to 15 metres (30 to 50 feet) thick, 
and is near the surface beneath much of Minot. Groundwater in the 
Minot Aquifer is replenished in three ways: (1) direct infiltration 
of precipitation, (2) inflow of groundwater from other aquifers, and 
(3) infiltration from the Souris River. The most important sources 
of recharge to the Minot Aquifer are the Souris River and the North-
west Buried Channel Aquifer (Pettyjohn and Hutchinson 1971). Figure 
11 shows the relationship between discharge of the Souris River and 
the water level in the Minot Aquifer. 
The Sundre Aquifer is a deeply buried channel deposit about 
7 kilometres (4 miles) southeast of Minot (Plate 3). The areal extent 
and thickness of the Sundre Aquifer have not been well-delineated, but 
it may be the continuation of the South Hill Aquifer (Pettyjohn and 
Hutchinson 1971). In 1974 and 1975 Min~t developed five wells in the 
Sundre Aquifer in the W ~SW~ and SW~ NW~ of Section 3, T 154 N, 
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fig. ll_. Relation between Souris River discharge and water 
level in the Minot Aquifer. (Adapted from Pettyjohn 1967a). 
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R 82 W. Groundwater pumped from these wells has been plentiful and of 
good quality and has served as a valuable addition to Minot's municipal 
supply. However, declining water levels in test wells in this aquifer 
(Figure 12) reveal that the amount of water being removed by pumping 
of municipal wells is greater than natural recharge here. Under nor-
mal conditions this imbalance is not critical, but if a sustained drought 
were to occur, such as the one in the early 1960s, production from the 
aquifer would most likely be reduced substantially. 
The North Hill Aquifer is a thin, shallow deposit of sand and 
gravel enveloped by till in the uplands north of Minot (Plate 3). It 
ranges from 0.5 to 9 metres (1 to 30 feet) thick and its top is from 
8 to 20 metres (26 to 66 feet) beneath the surface (Pettyjohn 1967a). 
Private wells pump small quantities of water from this aquifer, but the 
highly variable thickness and small recharge area of this aquifer pre-
clude the possibility of Minot obtaining large quantities of water from 
it. 
The Northwest Buried Channel Aquifer is a deeply buried sand 
and gravel deposit withiri a glacial meltwater channel that has been 
buried beneath till. The channel is approximately 1.5 kilometres (1 
mile) wide, trends towards the northwest from the central part of 
Minot (Plate 3) and is approximately 70 metres (225 feet) below the 
land surface. Pettyjohn (1967a) indicated that the Northwest Buried 
Channel Aquifer is connected to the Minot Aquifer beneath the city 
and that groundwater is flowing from the Northwest Buried Channel 
Aquifer up into the Minot Aquifer. Extensive pumping of water from 
the Northwest.Buried Channel Aquifer would lower the water level in 
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existing city wells that pump from the Minot Aquifer. 
The South Hill Aquifer is south of Minot within former meltwater 
channel deposits that have been buried beneath till (Plate 3). Petty-
john and Hutchinson (1971) speculate that the channel may be related 
to the Northwest Buried Channel Aquifer. The South Hill Aquifer is 3 
to 21 metres (10 to 70 feet) thick and is buried beneath 30 to 60 metres 
(100 to 200 feet) of till. Water in this aquifer is small in quantity 
and relatively poor in quality, making it unsuitable for development 
as a municipal water source. 
The Burlington Aquifer is within the Souris meltwater channel 
northwest of Minot (Plate 3). This aquifer, which thins southward from 
Burlington and is poorly connected to the Minot Aquifer, is composed of 
sand and gravel about 27 metres (83 feet) thick near Burlington (Petty-
john and Hutchinson 1971). Little is known of the hydrologic character-
istics of the Burlington Aquifer; however, small quantities of good 
quality water are probably available from it. 
In summary, groundwater conditions in the Minot vicinity are 
relatively simple. Groundwater flows into the Minot Aquifer from three 
directions because pumping of municipal wells has resulted in a depressed 
cone in the water table beneath the central part of the city. Develop-
ment of a new well field in the Sundre Aquifer has solved Minot's short-
term water supply problem, but the rapid response of groundwater supplies 
to changes in climate could create serious problems as the city continues 
to grow. Minot's heavy dependence on groundwater for municipal supply 
makes it necessary to protect existing groundwater supplies from poten-
tial pollution and misuse. 
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Sand and Gravel 
Noderate amounts of relatively high quality sand and gravel 
" adjacent to and within the Souris meltwater channel constitute the 
majo~ surface mineral resource in the Minot area. These are largely 
meltwater stream deposits. The sand and gravel are well-suited for 
use as concrete aggregate. 
Sand and gravel deposits shown on Plate 4 have been categorized 
according to the relative volume of sand and gravel potentially avail-
able. Two categories were delineated: (1) deposits from which large 
volumes of sand and gravel can be economically obtained, and (2) depos-
its containing moderate to small volumes of sand and gravel. These 
smaller deposits would probably be unprofitable to develop. 
The largest deposits include the point bar deposits of coarse 
gravel and sand described as Unit 3 (page 20) and the large deposit of 
1' sand and gravel at the mouth of Livingston Creek (Plate 4). Most of 
the sand and gravel used in the Minot area is obtained from these 
deposits, primarily because they provide the closest and cheapest 
aggregate source. All of these deposits have been mined to some 
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the discontinuous character of the sand and gravel within the diversion 
channel, any mining operation exploiting these deposits should be pre-
ceded by a careful drilling program to delineate the boundaries of 
individual sand and gravel bodies more accurately. 
The area southeast of the city between U.S. Highway 2 and the 
Souris River contains considerable surface sand and gravel deposits~ 
Unless zoning laws are enacted to restrict development over these 
resources, future use of them could be hindered5 
Lignite 
Another mineral resource in the Minot area is lignite. Two 
beds of lignite within the Bullion Creek Formation are exposed near 
the base of the southwestern wall of the Souris meltwater channel, 
one within and southeast of Burlington and the other near the mouth 
of Gassman and South Branch Coulees. The bed at Burlington ranges 
between 2 and 3 metres (7 and 10 feet) thick, and the other bed is 
about 1. 5 metres (5 feet) thick (Lemke 1960). Several small strip 
mines in these beds are discussed by Lemke (1960), but the mines 
have probably been abandoned for decades. Present economic condi-
tions do not favor commercial dev.elopment of these lignite beds, 
however small-scale exploitation of this resource might be practical. 
WASTE DISPOSAL 
Like all metropolitan areas, the city of l!inot produces large 
quantities of wastes. Disposal of this waste is the responsibility of 
the city. Generally, the objective of waste disposal is to isolate 
wastes from the hydrogeologic environment in an effort to minimize 
detrimental affects on man and his environment. 
The suitabilities indicated on the maps that accompany this 
section of this report are based on the assumption that no significant 
modification of natural conditions has taken place before installation 
of a waste disposal facility. 
The suitability maps are intended to serve only as general 
guides for planning and they are not to be used as a substitute for 
on-site investigations. All sites anticipated for waste disposal 
should be investigated in detail to determine specific local geologic 
conditions. 
Sanitary Landfills 
Disposal of solid waste from the city of Minot is accomplished 
by daily burial of refuse in a sanitary landfill. Landfill disposal 
solves the problem of where to dump solid waste and simultaneous~y 
creates a problem of how to manage it. To be truly sanitary, a land-
fill site would have to be selected so that there is little movement 




Water that co·mes in contact with decomposing wastes in a land-
fill leaches the soluble constituents of the refuse. Garbage, paper, 
and metals all can be broken down by natural action creating hoth 
organic and mineral leachates (Coe 1970, p. 776), If allowed rapid 
access to groundwater leachate can cause serious pollution problems. 
Because water serves as the solvent in leachate, minimizing 
the interaction between it and landfill refuse is desirable. Refuse 
buried in landfills is exposed to water by infiltration from precipi-
tation and runoff as well as possible groundwater invasion. The best 
way to maintain a landfill in a nonsaturated, oxidizing state is to 
locate the landfill well above the water tahle and cover it with a 
material of slight permeability. 
Geologic factors that are important in the evaluation of the 
suitability of an area for location of a sanitary landfill include 
(1) sediment permeability and drainage characteristics, (2) depth to 
the water table, (3) slope of the site, (4) flooding potential, and 
(5) the proximity of landfills to groundwater aquifers. 
Permeability of the sediment surrounding a landfill is critical 
because it controls the movement of leachate away from the landfill. 
Sediment with slow permeability is most suitable for landfill sites; 
rapidly permeable soils surrounding a landfill can result in introduc-
tion of concentrated leachate into the groundwater system. Poorly 
drained regions should he avoided in landfill siting, because saturated 
sediments create problems in earth-moving operations and are poorly 






Depth to the water table is a factor of primary importance in 
landfill location (U.S. Department of Agriculture 1971, p. 36). The 
deleterious effects of landfill leachate can be lessened if the land-
fill is above the water table, where aerobic decomposition of refuse 
takes place. Apgar and Longmuir (1971, p. 78) state: 
Saturation of the refuse by groundwater not only permits the 
ready solution of inorganic material but also favors exclu-
sively anaerobic decomposition of the organic wastes present 
with the formation of reduced and highly undesirable organic 
and inorganic substances. 
A minimum distance of 1.5 metres (5 feet) between the base of a landfill 
and the maximum water table is recommended (U.S. Department of Agricul-
ture 1971). 
The slope of the land surface is another important factor when 
evaluating a potential site for the location of a sanitary landfill. 
Steep slopes create problems with access-road construction and subse-
quently with erosion of the completed landfill, Sites with surface 
slopes of steeper than 15 per cent are generally regarded as unsuitable 
for the location of a sanitary landfill (U.S. Department of Agriculture 
1971), An example of the surface erosion and gullying that can occur on 
a landfill in a region of steep slope is shown in Figure 13. Erosion of 
a landfill is hazardous because it increases the rate of leachate gener-
ation and increases the probability of groundwater and surface-water 
pollution. 
Sanitary landfills also should always be located in areas that 
are remote from potential flooding. A sanitary landfill subject to 
flooding would almost certainly pollute surface water, soil water, and 
groundwater as well as result in scattering of refuse litter over the 
surrounding area5 
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Fig. 13. Oblique aerial photograph of a completed sanitary 
landfill within a coulee tributary to the Souris meltwater channel 
southwest of Minot (SW~ Section 28, T 155 N, R 83 W). Note 




As shown in Plate 5 1 the most suitable locations for sanitary 
landfills in the Minot area are on flat upland areas. Areas of moder-
ate suitability include poorly drained regions on the uplands and the 
part of the upland area immediately north of Minot which overlies the 
North Hill Aquifer. Location of a sanitary landfill on the floodplain 
of the Souris River should be avoided because of the great flooding 
potential and because of the presence of permeable river sediment, 
which would allow concentrated leachate to pollute groundwater in the 
aquifers beneath the Souris meltwater channel. Minot's present prac-
tice of locating sanitary landfills within coulees tributary to the 
Souris meltwater channel permits erosion to occur, thereby substan-
tially increasing the probability of surface and groundwater pollution. 
The steeply sloping walls of the Souris meltwater channel and its trib-
utaries have slopes of 20 to 40 per cent, making these areas poor selec-
tions for landfill.sites. 
Sewage Lagoons 
A sewage lagoon is a shallow pond or lake constructed to hold 
sewage long enough to allow bacterial decomposition may take place. 
Minot uses a lagoon system to dispose of municipal sewage. Raw sewage 
is first treated at the Minot water treatment plant and then pumped 
Sewage lagoons about 8 kilometres (5 miles) into the city-operated 
southeast of the city. 
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(5) the presence of organic material in the sediment surrounding the 
lagoon, and (6) the proximity of groundwater aquifers. 
The permeability of the sediment lining the sewage lagoon is 
the most important factor in determining the suitability of a site. 
Sewage lagoons should have a floor constructed of slowly permeable 
material. Sediments with permeabilities of less than 4 x 10-6 metres/ 
sec (0.6 in.ihour) are recommended for lining sewage lagoon {U.S. Depart-
ment of Agriculture 1971), The only surface material in the Minot area 
that would meet this criterion is till. Sediments with permeabilities 
more rapid than 7 x 10-6 m/sec (1.0 in,/hour) will allow excessive 
leakage of sewage out of the lagoon. 
Sewage lagoons also should be located where the water table is 
deep. A minimum distance of 1.8 metres (6 feet) separating the ground-
water table and the floor of a sewage lagoon is considered acceptable 
(U.S. Department of Agriculture 1971). Direct contact between sewage 
and groundwater could result in serious pollution of the groundwater. 
The most level areas available should be selected for sewage 
lagoon sites; areas with slopes of greater than 2 per cent should be 
avoided {U.S. Department of Agriculture 1971) because proper operation 
of a sewage lagoo.n requires relatively uniform depth of liquid within 
the lagoon. 
Sewage lagoons located in regions subject to flooding represent 
a serious water pollution hazard~ Flushing of a sewage lagoon by !:co~-
water in the Minot area would result in contamination of both surface 
water and groundwater, Therefore, sewage lagoons should not be con-




Decomposition of organic material in sewage is accomplished by 
bacterial action within the lagoon. A balance exists between the amount 
of organic material in the sewage and the time necessary for complete 
decomposition. !he presence of highly organic sedir.lent underlying a 
sewage lagoon significantly prolongs the time required for decomposition 
of the sewage, so that with a relatively constant sewage inflow, the 
lagoon can become overloaded with incompletely decomposed otganic mate-
rial. The presence of this incompletely decomposed organic material 
will encourage the growth of aquatic plants, which interfere with proper 
lagoon operation (Olson 1974, p. 27). Although little of the surface 
sediment in the Minot area contains significant concentrations of 
organic material, problems might be encountered if a lagoon were con-
structed in one of the many low-lying slough areas on the uplands, 
because plant material accumulates in sloughs. Therefore, poorly 
drained depressions should be avoided in sewage lagoon siting, unless 
the highly organic slough sediment is physically removed before lagoon 
construction. 
Sewage lagoons also should be located in areas away from known 
aquifers. A properly constructed and managed sewage lagoon will not 
have a serious leakage problem, but an accidental spill or excess leak-
age could create a serious groundwater pollution problem. It is there-
fore best to avoid aquifers in sewage lagoon siting. 
As indicated on Plate 6, the best locations for sewage lagoons 
in the Minot area are well-drained flat upland areas away from the 
Souris meltwater channel and major aquifers. Permeability of the 
till is very slow, the surface slope and water table are low, and the 
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flooding potential is negligible. Minot's present sewage lagoons are 
well-placed, from a geologic point of view. The only potential prob-
lem is the close proximity of the lagoons to the Sundre Aquifer. If 
a spill or leakage from the lagoons were to occur, pollution of the 
Sundre Aquifer would be the likely result. 
Septic Systems 
Private residences and businesses not connected to the municipal 
sewage system rely on septic tanks for disposal of sewage. The sewage 
contains both solid and liquid components; solids are retained in the 
septic tank, and a leaching field or percolation pit disposes of the 
liquid sewage, or effluent. A properly constructed and operating leach-
ing field will filter harmful components of the effluent before the con-
centrated effluent can contaminate groundwater. 
Geologic factors controlling the suitability of an area for 
location of a septic system include: (1) the permeability of leaching 
field sediment, (2) depth to the water table, (3) slope of the area, 
and (4) flooding potential, The suitabilities indicated on Plate 8 
are generalized because of the scale of the map. It is important that 
each site contemplatec for location of a septic system be investigated 
in detail. 
The permeability of the sediment in which the leaching field is 
constructed is of primary importance in determining the suitability of 
a site for a septic system. Sediments of moderate permeability, such 
as silty sand and sandy silt, are best-suited for construction of a 
leaching field. Sediments of slow permeability (less than 4 x 10-6 
metres per second, 0.6 in./hr) will not allow adequate percolation of 
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effluent away from the leaching field, whereas sediments of rapid perme-
ability (greater than 1,4 x 10-5 metres per second, 2.0 in./hour) will 
not filter the effluent properly allowing it to drain too quickly into 
the groundwater system (U.S. Department of Agriculture 1971). 
Before a septic system is installed a survey should be con-
ducted to determine the depth to the water table at the site. The 
survey should be conducted at the time of the year when the water 
table is highest, which is late spring in the Minot area. The maxi-
mum water table level should be at least 1.5 metres (5 feet) below the 
base of the leaching field (Franks 1972). If a septic system is con-
structed where the water table is close to the surface the system will 
fail because the saturated sediment will prevent percolation of effluent 
away from the leaching field. 
The slope of the site upon which the leaching field is con-
structed is also critical. Franks (1972, p. 201) stated "experience 
has shown that when slopes exceed 20 percent regardless of the soil or 
rock type, it is probable that effluent will surface downhill from the 
system regardless of depth of burial." Another potential problem is 
the difficulty of constructing a septic system on a steep slope; exca-
vation and layout of leaching fields are complicated by steep slopes. 
Flooding is a definite hazard to the operation of a septic sys-
tem. Flood waters interfere with percolation away from the leaching 
field and carry away unfiltered sewage. The potential for groundwater 
pollution from flooded septic systems 1s especially high on the Souris 
River floodplain because of the underlying groundwater aquifers, 
The most suitable locations for septic system construction are 
in regions remote from the Souris River floodplain underlain by silty 
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sand and sandy silt (Plate 7), The sediments within the Souris meltwater 
channel, though highl-y variable laterally, are generally well-suited for 
septic systems. However, this region is flooded almost every spring; 
the Souris meltwater channel is therefore rated as being poorly suited 
for septic system construction. Areas underlain by gravel are too 
permeable to filter the effluent safely. Upland areas underlain by 
till present minimum pollution hazard from septic system effluent, 
but the slight permeability of the till makes these regions only 
moderately suitable for septic system construction (Plate 7), 
• 
GENERAL CONSTRUCTION CAPABILITIES 
Earth materials have differing capacity to support buildings, 
h;J,ghways, ,and. bridges •. Physical properties such as the bearing capac-
ity, permeability, and "1>rkability of sediment all affect the suitabil-
•ity,of an area for construction. The general physical characteristics 
of surface sediments in the Minot area are shown in table 2. Other 
factors influencing construction include depth to the water table, 
slope stability, .and flooding potential. Knowledge of these factors 
is an important aid in determining the suitability of a site for con-
struction of a particular structure and the most economical design to 
einploy. 
Earth materials in the Minot area have been grouped into five 
categories on the basis of suitability for general construction (Plate 
·9). The term "general construction" refers to the type of structures 
characteristic of the Minot metropolitan area; apartment and office 
buildings constitute the type of construction common in the Minot area. 
•La)'ger multi-story buildings such as the Milton R. Young Tower in Minot 
.require special foundation design and are not included within "general 
con.struction. 11 
Areas rated as good for general construction (Plate 8) are those 
with low slope that are underlain by sand and gravel. Surface materials 
in these areas are characterized by high bearing capacity and slight 
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and the water table is seldom near the surface, Flooding is not a prob-
lem in these regions, which are remote from floodplains of major streams. 
Areas rated as good to moderate for construction (Plate 8) are 
underlain by till. High bearing capacity is characteristic of the till 
in the Minot area, as long as the till is dry, Because permeability of 
the till is slow, poorly drained regions containing sloughs are excluded 
from this category. Boulders in the till also may make excavation and 
compaction difficult, In addition, piping of water through included 
sand masses may cause slope stability problems. 
The point bars of gravel and sand within and adjacent to the 
Souris meltwater channel have a moderate suitability for general con-
struction. Even though bearing capacity is high and drainage is good, 
the abundance of boulders in the point bars may present excavation prob-
lems in these areas. 
Areas of moderate to poor suitability for construction include 
both the slough regions on the uplands and the walls of the Souris melt-
water channel and its major tributaries. Sloughs are characterized by 
perennially wet soils containing substantial amounts of clay and organic 
material. As a result these regions have generally small bearing strength 
and very slight permeability. In the case of the Souris meltwater chan-
nel walls, steep slopes make access to construction sites difficult. 
Areas rated as poor for general construction are the floodplains 
of the Souris River and its major tributaries (Plate 8). These regions 
are underlain by interbedded sand, silt, and clay, and generally have a 
high water table and moderate to low permeability. Bearing strength is 
highly variable due to the rapidly changing lithology, The most 
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important factor of these areas is the flooding potential. The flood-
plains are commonly inundated in the spring, making construction in 
these regions risky. 
The suitabilities indicated on Plate 9 should be used only as a 
general guide in selecting a construction site, Individual sites must 
be studied in detail in order to determine the exact location and appro-
priate design for a structure. It is important that site studies include 
detailed logs of soil borings and the results of laboratory engineering 
tests on soil boring samples. 
Flooding 
Residents of Minot and the surrounding area are well aware of the 
flooding problem that faces the city, Serious flooding of the Souris 
River in and around Minot has almost become an annual event, Consider-
able time, effort, and money have been spent in the attempt to find the 
best answer to Minot's flooding problem. Several flood control alterna-
tives have been presented by government officials (U.S. Army Corps of 
Engineers 1977). The selected plan, the Burlington Dam, has been the 
subject of a continuing controversy. The purpose of this portion of 
this report is to provide a synopsis of current geologic information as 
it applies to Minot's future land use on the Souris River floodplain. 
From a geologic viewpoint, it is not surprising that Minot has 
a serious flooding problem. Most of the city is built within the Souris 
meltwater channel, the floor of which forms the Souris River floodplain 
(see Plate 9). The natural channel capacity of the Souris River in the 
Mino·t area, about 57 cubic metres per second (2000 cubic feet per second), 
is exceeded annually by discharges resulting from spring snowmelt. The 
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flooding situation at Minot is compounded by the confluence of the Souris 
River with two of its major tributaries, the Des Lacs River and Gassman 
Coulee, within a few miles upstream from the city. It is not unusual 
for Minot to experience two separate spring flood crests, one from the 
Des Lacs River basin and a second from Souris River floodwaters. The 
high gradient of Gassman Coulee (about 4.7 metres per kilometre, 25 feet 
per mile) makes flash flooding from this drainage a potential threat to 
Minot. Flash flooding is also possible on the Larson Coulees south of 
Minot. 
The core of the flooding problem in Minot is the extensive devel-
opment of the Souris River floodplain. In Minot, the floodplain area 
contains over 3000 residences, 250 businesses, seven schools, and exten-
sive transportation and utility facilities. Substantial residential and 
industrial development west and southeast of the city has occurred during 
the past 20 years, and unless there are zoning restrictions the floodplain 
development is expected to continue. 
Discharges in excess of about 85 m3/s (3000 cfs) cause widespread 
flooding of undiked stretches of the Souris River in the Minot area, 
Flooding with a maximum discharge of 170 m3/s (6020 cfs) caused almost 
11 million dollars in damage to the Minot metropolitan area in the spring 
of 1969. Channel improvements and emergency diking by the U.S. Army 
Corps of Engineers saved Minot from a repetition of the 1969 disaster in 
1976 even though maximum flood discharge was significantly greater, 265 
cubic metres per second (9350 cfs). The channel improvements, including 
channel straightening and riprapping to retard channel erosion (Figure 14), 
substantially increased the capacity of the channel to convey floodwater 
through the city. 
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Fig. 14. Channel improvements made on the Souris River 
channel in Minot. View is westward from 8th Street NW bridge. 
•?'.;_ 
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The only existing flood control project on the Souris River 
upstream from Minot is the aging Lake Darling Dam, about 30 kilometres 
(20 miles) northwest of Minot. This dam and reservoir, constructed in 
1936, were designed primarily to ensure a water supply to maintain water-
fowl refuges downstream. The small storage capacity of the Lake Darling 
Reservoir was not designed to prevent large flood damage downstream. 
Even though Minot's capacity to withstand flooding has increased 
substantially in the past 10 years, flooding ,rill continue to be a seri-
ous problem in the Minot area. The uncertain future of the Burlington 
Dam project makes continued development of the floodplain in Minot risky. 
Continued development of floodplain areas in Minot without further flood 
protection systems would probably result in extensive flood damage in 
~1inot and surrounding areas. 
Conclusions 
The surface geology in the Minot area is the result of Quater-
nary depositional and erosional processes. When Pleistocene glaciers 
overrode coastal plain sediments of the Paleocene Bullion Creek Forma-
tion, till~ ice contact river sediment, and other river sediment of the 
Coleharbor Group were deposited. The Souris meltwater channel and the 
meltwater channel now occupied by Livingston Creek were eroded by melt-
water and runoff draining from melting glaciers. Discontinuous sand 
and gravel bodies within the Souris meltwater channel and other buried 
meltwater channels were deposited by periodic meltwater discharges. 
Large point bars of coarse gravel and sand were deposited subsequently 
by a late Pleistocene flood draining through the Souris meltwater chan-
nel. The meltwater overflow channel east of Minot was eroded by this 
~ .' 
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flood. Scattered upland loess deposits and floodplain deposits of the 
Holocene Oahe Formation are the most recent natural sediments in the 
Minot area. In addition, small m.anmade landfill deposits are present 
in and around Minot. 
Expansion of the Minot metropolitan area is continuing. Proper 
land use planning is needed to minimize the conflict between urban 
development and planned resource management. The inclusion and con-
sideration of detailed geologic information in the land use planning 
decision making process is important if effective use is to be made of 
all available natural resources. 
Valuable natural resources are present in the Minot area, espe-
cially groundwater and sand and gravel. Groundwater from sand and 
gravel aquifers within the Souris meltwater channel and other buried 
channels provides most of Minot's municipal water supply. Pumping of 
municipal wells has created a depression in the water table in the 
Minot Aquifer beneath the central part of the city. The Minot Aquifer 
is recharged primarily by water from the Souris River and other nearby 
aquifers, therefore water levels in the Minot Aquifer respond rapidly 
to climatic variations. Because of Minot's heavy dependence upon 
groundwater for municipal supply, emphasis should be placed on pro-
tecting existing groundwater resources from pollution and misuse. 
Geologically suitable sites for construction and waste disposal 
exist in the Minot area, but the Souris meltwater channel and its trib-
utaries are generally poorly suited for construction and waste disposal 
sites. Flat, well-drained areas are best for construction acd waste 
disposal sites. 
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Flooding will continue to be a major problem in the Minot area, 
The city's flooding situation has improved considerably due to recent 
channel improvements. However, residences and businesses on the flood-
plain in and around Minot will continue to be threatened by floods until 
an effective and workable flood control program can be implemented. 
Recommendations 
1. Municipal and regional planning authorities in the Minot 
area should include the results of geological studies in expansion 
planning if costly and environmentally unsafe alternatives are to be 
avoided. 
2. Areas containing sand and gravel deposits should be zoned 
to prohibit residential development until maximum use is made of this 
resource. 
3. All possible steps should be taken to protect existing 
groundwater supplies from potential pollution and misuse. 
4. Sanitary landfill and sewage lagoon facilities should be 
located in flat, well-drained upland areas away from major aquifers 
and the Souris meltwater channel and its tributaries. 
S. Detailed investigations of local geologic conditions should 
be required at all sites anticipated for septic system installation. 
6. The entire Souris River floodplain in .the Minot area should 
be zoned to prohibit new residential and commercial construction until 





GRAIN SIZE ANALYSES: PROCEDURES AND RESULTS 
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Determination of Sand, Silt, and Clay Content 
1. Air dry the samples for 48 hours. 
2. Weigh out approximately 40.0 grams of sample and physically 
disaggregate. 
3. Weigh to the nearest 0.001 gram. 
4. Place the sample in a beaker and add 125 millilitres of Cal-
gon (Na Po4}6 stock solution. The stock solution is made up to a con-
centration of 40 grams/metre3 with distilled water. 
5. After the sample has soaked for 24 hours, mix the disaggre-
gated sample and solution in a blender for 1 minute. Washed the mixed 
suspension into a 1000 millilitre graduate cylinder using distilled 
water. Fill the cylinder to 1000 millilitre mark with distilled water. 
6. Make up a standard in a 1000 millilitre graduate cylinder 
by mixing 125 millilitres of the Calgon stock solution and 875 milli-
litres of distilled water. 
7. Place a thermometer in the standard cylinder and record the 
temperature in degrees Celsius. 
8. Mix the sample in suspension with a plunger to get all the 
clay-size particles in suspension. Insert the plunger to the bottom 
of the cylinder and vertically agitate through a distance of 0.1 metre 
until all material is in suspension. Then withdraw the plunger to the 
top of the fluid column and return to the base. After 5 stirring 
strokes; remove the plunger. 
9. After mixing each sample suspension record the time. Set 
the cylinder aside for the prescribed time shown in table 3. 
·,._ 
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10. At the end of the specified time, insert a standard Bouyoucos 
H 9569 hydrometer into the sample suspension and the standard cylinder 
and record the readings. 
11. Wet sieve the sample suspension using a number 230 U.S. 
Standard Sieve (0.0625 millimetre). This removes the silt and clay, 
leaving only the gravel and sand. 
12. Put the gravel and sand in a beaker and place in a drying 
oven for 12 hours at 105 Celsius. 
13. Sieve the oven-dried samples in a RoTap machine for 10 min-
utes, using number 10 (2mm), 18 (1mm), and 230 (0.0625mm) U.S. Standard 
sieves. This separates the gravel, very-coarse sand, and fine to medium 
sand. 
14. Mark and weigh an envelope for the gravel and weigh the 
envelopes for the very-coarse sand and the fine to medium sand together. 
15. Place the sieved material in the appropriate envelope. Weigh 
and record the gravel envelope and weigh both sand envelopes together. 
16. Calculate: 
A. (Gravel and envelope weight)-(envelope weight)= (weight of gravel). 
B. (Sand and envelope weight)-(envelope weight)= {weight of sand). 
C. (Sample weight)-(gravel weight)= (corrected sample weight). 
D. (Hydrometer reeding of sample in solution)-(hydrometer reading of 
standard cylinder)= (weight of clay). 
E. (Corrected sample weight)-(weight of sand and clay)= {weight of 
silt), 
F. (Weight of sand, silt, or clay)= proportion of the matrix 
(Corrected sample weight) comprised of that constituent. 
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The procedure outlined above determines an arbitrarily defined 
"clay" content. Because the sand, silt, and clay data are intended for 
use as an index property for stratigraphic correlations rather than as a 
measure of the actual amount of sand, silt, and clay, the only require-
ment of the procedure is that it be reproducible. This procedure has 
been selected because it minimizes the time and labor needed to analyze 
and calculate the matrix parameters and it is reproducible. 
TABLE 3 
TEMPERATURE AllD CORRESPONDING SETTLING TIME REQUIRED TO DETERMINE 




















SAMPLE MATRIX TEXTURE 
l NUMBER LOCATION ELEVATION Sand Silt Clay 
I 
1 155 83 15 cbcc 1640 28.45 36.43 35.11 ! 
' 




3 155 83 14 adab 1680 34.80 39.16 26.04 I 
4 155 83 14 acbb 1680-85 45.13 31.03 23.84 
s 155 82 30 babb 1610 30.55 38.73 30. 72 
6 155 82 30 babb 1640 28.52 34.75 36.73 
7 155 83 13 badb 1700 33.36 37 .31 29.33 
8 155 83 15 abbd 1680 33.75 36.28 29.97 
9 155 82 28 cbbc 1620 31.89 31.16 36.94 
10 155 82 28 cbbc 1620 33.07 37.88 29.05 
11 155 82 20 bbbd 1640-45 32.64 30.97 36.39 
12 155 83 14 acbb 1635 37.69 34.90 27.40 
13 155 83 23 dadb 1650 31. 75 31. 77 36.48 
14 155 83 26 abbb 1710 31.29 36.84 31.88 
15 155 83 24 cbcd 1695 30.63 37.60 31.77 
16 156 84 25 ccad 1615 32.11 30.14 37.75 
17 155 83 14 adca 1590 40. 50 34.98 24.52 
18 155 83 14 bccb 1625 36.66 32.96 30.38 
19 155 84 2 dabc 1620 42.70 30.41 26.89 
20 155 83 18 bcba 1580 31.78 34.79 33.42 
21 155 82 10 dcdd 1585 30.24 24.23 45.53 
22 155 82 17 addd 1615 28.95 35.31 35.73 
23 155 82 20 acaa 1580-85 30.07 39.34 30.59 
24 155 82 20 bdba 1590-9S 56.83 22.70 20,47 
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SAMPLE MATRIX TEXTURE 
NUMBER LOCATION ELEVATION Sand Silt Clay 
25 155 83 24 ebea 1660 31. 51 37 .12 31.26 
26 155 83 24 ebca 1670 31.07 37.65 31.28 
27 155 82 28 adaa 1615 29. 61 35.92 34.47 
28 155 83 24 ebca 1680 30.65 35.12 34.22 
29 155 82 27 edcd 1605 31.49 36.34 32.16 
30 155 83 19 eaaa 1720 30.22 34.08 35.70 
31 155 82 21 cede 1590 29.98 35.28 34.74 
32 155 83 24 cbca 1665 31.55 37. 39 31.06 
33 155 83 7 bdbb 1670 28.88 37.66 33.46 
34 156 84 35 adbb 1640 29.46 34.19 36. 35 
35 155 82 34 decc 1585 31.17 37.77 31.06 
36 155 82 15 cbbb 1605 30.07 37.27 32.66 
37 155 83 19 dbea 1670 27.65 34.12 38.23 
38 155 82 34 dddd 1615 23.64 42.17 34.19 
39 155 82 28 acdc 1595 31.40 39.78 28.82 
40 155 84 2 acdd 1615 27.85 36.65 35.50 
41 155 82 6 aada 1650 34.51 37.70 27.79 
42 155 82 8 cabd 1630 30.06 33.41 36.52 
43 155 82 8 cabd 1635 30.12 34.07 35.81 
44 154 82 10 cadd 1555 34.82 35,78 29.39 
45 155 83 24 dcdd 1690 30. 76 37. 71 31.53 
154 82 15 abba 1635 37.83 33.09 29.08 
155 82 28 bdab 1600 32.27 35.90 31.82 
155 82 22 ccbb 1620 36.29 33.54 30.17 
155 82 20 bcdb 1575 30.42 37 .28 32.29 
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SAMPLE MATRIX TEXTURE 
NUMBER LOCATION ELEVATION Sand Silt Clay 
50 155 82 7 abbb 1625 30.98 32.15 36.87 
51 155 83 28 acdd 1635 30.51 32.15 37.33 
52 155 83 28 acdd 1630 31. 54 30. 70 37.76 
53 155 83 28 accc 1630-35 34.36 32.46 33.18 
54 155 83 28 accc 1635-40 30.93 32.64 36.43 
55 155 83 28 cabb 1625-30 29.33 29.50 41.17 
56 155 83 29 adcb 1645 38.99 29.24 31. 77 
57 155 83 24 cbca 16$0-85 30.11 38.81 31.08 
58 155 83 29 babb 1655 31.66 31.39 36. 95 
59 155 83 29 babb 1655 33,49 32.36 34.48 
60 155 83 29 babb 1680-90 32.26 33.26 34.4$ 
61 155 82 20 ba:ac 1620-25 31.80 35.95 32.25 
62 155 82 20 bd 1615-18 31. 20 37.83 30.42 
63 155 82 20 bd 1608-10 32.73 32.82 34.45 
64 155 82 27 bca 1615 29.97 36.85 33.18 
65 155 82 22 cbd 1605 35.17 35.01 29 .82 
66 155 82 16 cdd 1615 36.29 37. 91 25.80 
67 155 82 21 cdb 1595 30.28 37.29 32.43 
68 155 82 21 cdb 1590 33.10 39.23 27.67 
69 155 83 5 aaa 1785 35.25 31.24 33.51 
70 155 82 20 cdc 1565 34.53 39.28 26.19 
71 155 82 28 bcdd 1605 30.31 37.04 32.64 
72 155 82 28 bcdd 1600 31.21 36.93 31.86 




TEST HOLE LITHOLOGIC LOGS 
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1£.<:.ation For!llllt 
The location format used in this study for the location of test 
wells follows the scheme shown in Figure 15. The first numeral of this 
system is the township north of its base, the second is the range west 
of the principal meridian, and the third is the section in which the 
well is located. The lower case letters following the section number 
are the position of the well within the section. The first letter is 
the quarter section (160 acre tract), the second letter is the quarter-
quarter section (40 acre tract), and the third letter is the 10 acre 
subdivision within the quarter-quarter section. The subdivisions of 
the sections, quarter sections, and quarter-quarter sections are let-
tered a, b, c, and din a counterclockwise direction beginning in the 
northeast quarter. For example, well 155-82-15 ada is in the NE\ 
SE\ NE~ Section 15, T 155 N, R 82 W. 
' 
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Fig, 15. Systl!lll of numbering teatholes and till hand samples. 
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Testhole M 1 
Location T 155 N, R 82 W, Section 20 bd 
Elevation 1620 feet 
Description 
Coleharbor Group 
Olive gray to brown silty pebbly 
till with iron stains 
Poorly sorted rusty brown sand and 
gravel containing small balls of 
pebbly till with lignite chips and 
iron stains 
Moderately sorted coarse sand and 
fine gravel 
Medium to coarse gravel with small 
amounts of very coarse sand 






Location T 155 N, R 82 W, Section 28 acaa 
Elevation 1600 feet 
Description 
Coleharbor Group 
Sandy topsoil with occasional 
cobbles and gravel 
Moderately sorted rusty brown very 
coarse sand and fine gravel 
Wet, gray to black gravel and coarse 
sand 
Unable to drill past 48---bit had 





















Testhole M 4 
Location T 155 N, R 82 W, Section 27 bca 
Elevation 1620 feet 
Description 
Coleharbor Group 
Cobbles and boulders 
Gray-brown silty pebbly till 
Wet, gray silty pebbly till 






Location T 155 N, R 82 W, Section 22 cbd 
Elevation 1615 feet 
Description 
Coleharbor Group 
Sandy topsoil with slight amounts 
of fine to medium gravel 
Well-sorted rusty medium sand 
Olive-gray to brown silty pebbly 

















Testhole M 6 
Location T 155 N, R 82 W, Section 15 cdd 
Elevation 1615 feet 
Description 
Coleharbor Group 
Rusty brown coarse sand and gravel 
Gray-brown fine to medium sand.with 
small amounts of medium gravel 
Medium gray silty pebbly till 






Location T 155 N, R 82 W, Section 16 cdd 
Elevation 1622 feet 
Description 
Coleharbor Group 
Well-sorted medium sand becoming 
slightly pebbly at 5 feet 
Slightly sandy olive-brown pebbly 
till with lignite chips 
Gray-brown silty pebbly till 
Medium gray silty pebbly till with 
lignite chips 
No returns--Medium gray sandy(?) 





















Testhole M 8 
Location T 155 N, R 82 W, Section 21 cdb 
Elevation 1600 feet 
Description 
Coleharbor Group 
Brown-black pebbly medium sand 
Gray-brown silty pebbly till with 
lignite chips and iron stains 
Becoming mottled and more gray 
below 15 feet 
Medium gray pebbly sandy till 
Wet, medium gray muddy sand and gravel 
Dark gray pebbly till 
Lignite on last flights---bedrock 
at about 45 feet 








Location T 155 N, R 82 W, Section 34 bab 




Yellow-brown silty very coarse sand and 
gravel 
Cobbles and boulders common at about 10 
feet 
Material very wet between 10 and 25 feet -
no returns 





















Testhole M 10 
Location T 155 N, R 82 W, Section 6 bbdd 
Elevation 1615 feet 
Description 
Coleharbor Group 
Tan very fine sand and silt 
Tan-brown damp sand and gravel 
Medium gray pebbly silty till 
Till is gravelly below 2S feet 






Location T 155 N, R 83 W, Section 5 aaa 




Yellow-brown silty pebbly till with 
iron stains 
Cobble zone at 20 feet 
Yellow-brown sandy pebbly till 
Becoming very sandy below 30 feet 
Wet, gray coarse sand with small amounts 




















Testhole M 12 
Location T 155 N, R 82 W, Section 20 cdc 
Elevation 1570 feet 
Desc'r ipt ion 
Black silty topsoil and fill 
Coleharbor Group 
Dark gray sandy silt with pebbles 
and mollusk fragments 
Coarse gravel and cobbles 
Gray-black silty sand with abundant 
lignite 







Location T 155 N, R 82 W, Section 28 bcdd 
Elevation 1610 feet 
Description 
Coleharbor Group 
Black pebbly topsoil 
Yellow-brown silty pebbly till 
with iron stains 



















Testhole M 14 
Location T 155 N, R 82 W, Section 29 aac 
Elevation 1583 feet 
Description 
Coleharbor Group 
Poorly sorted rusty brown very coarse 
sand and gravel with cobbles cOIIllllOn 
Brown, poorly sorted silty fine and 
medium sand and medium gravel 
Gray silty pebbly till becoming very 
rich in lignite below 30 feet 






Location T 155 N, R 82 W, Section 16 dadd 
Elevation 1605 feet 
I>escription 
Coleharbor Group 
Coarse gravel and sandy topsoil 
















Location T 155 N, R 82 W, Section 15 bbb 
Elevation 1643 feet 
Log from Pettyjohn 1968a, p. 124 
Thickness 
in feet 
Till, yellow-brown; fine pebbles 
Till, sandy, dark-gray 
22 
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53 Till, sandy and gravelly, gray 
Bullion Creek Formation 










Location T 155 N, R 82 W, Section 19 aaa 
Elevation 1636 feet 
Description 
Coleharbor Group 
Log from Pettyjohn 1968a, p. 125 
Thickness 
in feet 
Soil, and clay, sandy, yellow, with some 
gravel and fine sand 
Clay, sandy, brown, with some gravel 
Clay, sandy, yellow, with some gravel 
Clay, sandy, brown 
Clay, sandy, gray, with some gravel 
Clay, sandy, gray, with thin strips of gravel 
Sand, fine, and gravel with thin strips of 
lignite fragments and gray sandy clay 
Clay, sandy, gray, with thin strips of 
fine sand and lignite fragments 
Sand, fine 
Clay, sandy, gray, with thin strips of lignite 
fragments 
Sand, fine 
Clay, sandy, gray, with thin strips of lignite 
fragments 
Bullion Creek Formation 
Clay, sandy, gray with strips of lignite 
Sandy, gray, compact 
Lignite 









































Location T 155 N, R 82 W, Section 22 ccb 
Elevation 1628 feet 
Log from Pettyjohn 1968a, p. 130 
Thickness 
in feet 






Till, sandy and gravelly, gray 
Sand, fine, silty 
Till, sandy and gravelly, gray 
Bullion Creek Formation 











Location T 155 N, R 82 W, Section 22 




Log from Froelich 1964, p. 57 
Marl, sandy, light gray, soft, very 
highly calcareous 
Sand, fine, light tan, well-sorted, 
subrounded, slightly calcareous, 
mixed with clay 
Clay, sandy, moderate olive brown to 
medium gray, soft, cohesive, calcareous 
Clay, silty to sandy with pebbles, olive 
gray, moderately soft, aohesive (till) 
Clay, sandy, olive gray, moderately soft, 
tight, cohesive, plastic; numerous pebbles 
and cobbles and several sandy and gravelly 
layers (till) 
Gravel, fine to coarse, with coarse sand. 
moderately sorted, subangular to subrounded, 
saturated 
Till, as above the gravel 
Bullion Creek Formation 
Sand, medium, clayey, dusky brown, moderately 
consolidated, noncalcareous, highly organic 
Sand, fine to medium, clayey, greenish gray, 




























Location T 155 N, R 82 W, Section 29 add 
Elevation 1618 feet 
Description. 
Coleharbor Group 
Log from Soil Exploration Company 
Thickness · 
in feet 
Sandy clay, a little gravel, brown 
mottled, rather stiff to stiff (till) 
Sandy clay, a little gravel, brown and 
grayish brown mottled, stiff (till) 
Sand, medium to coarse grained, some 
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Borrow sedrment- largely pebbly c lay- loam 
or 
Sanitary landfill - a lternating 










sorted , indistinct ly bedded very coa r se 
and small cobbles with variable 
amounts of sand and fine pebbles 
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sand and p i ane-bedded gravel 
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of sand, silt, 
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F lood bar deposits 
Me ltwoter r Iver deposits 
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